A series of monoclonal antibodies have been characterized that define four surface antigens (MY3, MY4, MY7, and MY8) of human myeloid cells. They were derived from a fusion of the NS-1 plasmacytoma cell line with splenocytes from a mouse immunized with human acute myelomonocytic leukemia cells. MY3 and MY4 are expressed by normal monocytes and by greater than 90% of patients with acute monocytic leukemia or acute myelomonocytic leukemia, but are detected much less often on other types of myeloid leukemia. MY7 is expressed by granulocytes, monocytes, and 5% of normal bone marrow cells. 79% of all acute myeloblastic leukemia (AML) patients tested (72 patients) express MY7 without preferential expression by any AML subtype. MY8 is expressed by normal monocytes, granulocytes, all peroxidase-positive bone marrow cells, and 50% of AML patients. MY3, MY4, and MY8 define myeloid differentiation antigens in that they are not detected on myeloid precursor cells and appear at discrete stages of differentiation. These antigens are not expressed by lymphocytes, erythrocytes, platelets, or lymphoid malignancies. The monoclonal antisera defining these antigens have been used to study differentiation of normal myeloid cells and malignant cell lines.
INTRODUCTION
Mature myeloid cells are derived from a population of pluripotent hematopoietic stem cells that have the capacity for both self-renewal and differentiation (1) (2) (3) . The progeny of these stem cells include several committed precursor cells that give rise separately to erythroid cells, megakaryocytes, and to granulocytes and monocytes. Differentiation of the gran-932 ulocyte-monocyte precursor cell into later myeloid cells depends, at least in vitro, on the presence of colony-stimulating activity, a group of substances produced by monocytes, activated T cells, and certain other cells (4, 5) . Although later stages of myeloid differentiation are readily identifiable by changes in morphology and histochemistry, the detailed study of early myeloid differentiation has been difficult because of the small numbers of these precursor cells and their lack of distinctive morphological or biochemical features.
The immunological identification of surface antigens of myeloid cells may be a valuable technique for studying myeloid differentiation. Such studies with lymphocyte antigens have proven valuable in the identification of lymphocyte types and subsets (6) , and it has been possible to relate certain lymphocytic malignancies to a normal cell counterpart, such as a B cell or T cell by virtue of shared antigenic markers (7) (8) (9) (10) . This has led to the discovery of clinically important, and previously unrecognized, subgroups of patients with lymphocytic leukemia and lymphoma (8) . Experiments with several heteroantisera prepared against myeloid cells have shown that maturation-linked antigens can be detected, and some of these myeloid antigens are also expressed on acute myeloblastic leukemia cells (11) (12) (13) (14) (15) . In addition, the existence of leukemia-specific antigens has been postulated, but not conclusively demonstrated (13) . Although heteroantisera have proven useful, the extensive absorptions that are required often yield antisera with low titers, thus limiting utility for biological or clinical investigations. The development of technology to produce monoclonal antibodies has eliminated the problems of heteroantisera with respect to specificity and reproducibility, and has led to rapid advances in the field of lymphocyte surface markers (16) .
In an effort to study the surface antigens of normal and leukemic myeloid cells, we have gen-erated a series of myeloid-specific monoclonal antibodies (MY3, MY4, MY7, MY8) after immunization with the blast cells from a patient with acute myelomonocytic leukemia. The reactivity of these antisera with normal and malignant cells, and evidence that such antisera may define myeloid differentiation antigens are presented.
METHODS
Production of monoclonal antibodies. A 6-wk-old female BALB/c mouse (The Jackson Laboratory, Bar Harbor, Maine) was immunized with cryopreserved leukemic cells from a single patient with acute myelomonocytic leukemia. The immunization schedule consisted of an initial subcutaneous injection of 107 leukemic cells emulsified in complete Freund's adjuvant (Difco Laboratories, Detroit, Mich.), followed by three weekly injections of 107 viable cells in phosphate-buffered saline. 6 mo later, 107 leukemic cells from the same donor were injected intravenously on two consecutive days. Splenectomy was performed 3 d later, and somatic cell hybridization carried out by the method of Kohler and Milstein (17) , with modifications (18) . 2.4 x 108 mouse splenocytes were fused with 3.0 x 107 P3/NS1/1-Ag4-1 myeloma cells (provided by Dr. R. Kennett, University of Pennsylvania, Philadelphia, Pa.) in the presence of 0.5 ml polyethylene glycol, 30% in Dulbecco's minimal essential medium (Microbiological Associates, Walkersville, Md.), for 8 min at 23°C. After washing, the fused cell mixture was suspended in hypoxanthine-aminopterin-thymidine medium (19) supplemented with 10% fetal calf serum (FCS)l and 10% horse serum, and distributed to 600 microtiter wells. The hybridoma cells were grown at 37°C in a humidified atmosphere containing 7% CO2 in air. 14-21 d later, 100 microliters of supernate from wells exhibiting active growth of clones was tested for the presence of antibody reactive with the leukemic blasts from the original patient by an indirect immunofluorescence assay. 1 x 106 blast cells were incubated at 4°C with culture supernate for 30 min, washed two times with medium containing 2.5% human AB serum, and stained with fluorescein-conjugated F(ab')2 fragments of goat anti-mouse Ig (prepared by Mr. Herbert Levine, Sidney Farber Cancer Institute) for 30 min at 40°C. After two additional wash steps, fluorescent antibody-coated cells were detected on a fluorescence-activated cell sorter (FACS-1, Becton-Dickinson & Co., Mountain View, Calif.); or a cytofluorograph (FC200/4800A, Ortho Instruments, Westwood, Mass.). Background fluorescence was measured by testing the supemate from a well of a nonproducing clone or from a previously generated clone producing an antibody known not to be reactive with the test cells. Anti-human (32 antigen and anti-Ia monoclonal antibodies were used as positive IAbbreviations used in this paper: ALL, acute lymphocytic leukemia; AML, acute myeloblastic leukemia; AMML, acute myelomonocytic leukemia; AMoL, acute monocytic leukemia; APL, acute promyelocytic leukemia; CALLA, common acute lymphocytic leukemia antigen; CFU-GM, granulocyte/macrophage colony forming unit; CML, chronic myelogenous leukemia; DMSO, dimethylsulfoxide; FACS, fluorescence-activated cell sorter; FCS, fetal calf serum; NSE, nonspecific esterase; PHA-LCM, phytohemagglutininstimulated leukocyte-conditioned medium; TPA, 12-0-tetradecanoylphorbol- 13-acetate. controls. Wells containing antibody reactive with the immunizing blast cells were next screened for reactivity with an autologous B lymphoblastoid cell line, Laz 334 (kindly provided by Dr. Herbert Lazarus, Sidney Farber Cancer Institute, Boston, Mass.). Primary cultures that were nonreactive with the autologous B cell line were recloned by limiting dilution (20) , and subsequently maintained by injection of 1 x 106 cells i.p. into BALB/c mice previously primed with pristane (Aldrich Chemical Co., Milwaukee, Wis.). Antibody-containing ascites fluid was used in all subsequent experiments. Ig class of each antibody was determined by Ouchterlony immunodiffusion in 1% agar with specific goat anti-mouse immunoglobulin reagents (Litton Bionetics, Div. Litton Industries, Inc., Kensington, Md.). With the aid of appropriate target cells the antibodies were determined to be lytic by the chromium release assay (21) . Isolation of human cell fractions. Human granulocytes were prepared from the peripheral blood of healthy volunteer donors by Ficoll-Hypaque density gradient centrifugation (22) . The pellet was diluted 1:1 with Hanks' balanced salt solution containing 0.4% high molecular weight dextran (Dextran T500, Pharmacia Fine Chemicals, Div. of Pharmacia Inc., Piscataway, N. J.), and contaminating erythrocytes were removed by unit gravity sedimentation. After washing, the granulocyte pellet was treated with 0.17 M NH4Cl to remove any remaining erythrocytes by hypotonic lysis. Granulocyte preparations were >98% pure by morphological criteria.
Peripheral blood mononuclear cells were isolated from the interface of Ficoll-Hypaque-separated peripheral blood. Monocyte-enriched adherent cells were obtained by incubating peripheral blood mononuclear cells from defibrinated blood on plastic culture dishes (Falcon Labware, Div. of Becton-Dickinson & Co., Oxnard, Calif.) in the presence of 10% pooled human AB serum for 60 min at 37°C. Adherent cells were routinely 60-80% monocytes as defined by Wright-Giemsa staining and positive staining for alphanapthylacetate esterase (nonspecific esterase [23] ). T lymphocytes were isolated by rosetting with 5% sheep erythrocytes (Microbiological Associates, Walkersville, Md.). Purity of these preparations was also determined by monoclonal antibodies specific for monocytes (anti-Mo2) and T cells (anti-T3) (23, 24) . Platelets were prepared from heparinized blood by low-speed centrifugation to remove cells, and purity was assessed by microscopic examination. In all cases, reactivity is expressed as the percentage of a cell population more fluorescent than control cells in an indirect immunofluorescence assay. The control antibody was a murine monoclonal IgG or IgM previously shown to be nonreactive with test cells. Ascites diluted 1/100 to 1/500 was used in all cases.
Human bone marrow was obtained from healthy volunteers by aspiration into preservative-free heparin-containing syringes. Erythrocytes and mature neutrophils were removed by Ficoll-Hypaque sedimentation. In some experiments, plastic adherence was used to remove monocytes.
Human leukemia cells. Tumor cells were obtained from the peripheral blood or bone marrow of 72 patients with acute myeloblastic leukemia (AML), nine patients with chronic myelogenous leukemia (CML), six patients with blast crisis phase of CML, 30 patients with acute lymphocytic leukemia (ALL), and 14 patients with chronic lymphocytic leukemia. Expression of B and T cell antigens was determined by reactivity with monoclonal antibodies, anti-B 1 (25) and anti-T3 (24), respectively.
Ia antigen was determined by reactivity with anti-I2 (26) . Identification of non-B, non-T cell ALL was ascertained by reactivity with monoclonal antibody anti-common acute lymphocytic leukemia antigen (CALLA) (J5) (27) . All tumor cells were cryopreserved until use in the vapor phase of liquid nitrogen in 10% dimethylsulfoxide and 20% FCS. Some bone marrow samples were thawed in the presence of deoxyribonuclease I, 10 Zg/ml (Millipore Corp., Freehold, N. J.) to prevent agglutination of myeloid cells. During analysis on the fluorescence-activated cell sorter (FACS), windows were selected with the aid of the light scatter profile to include the size population of the leukemic cells, as confirmed by microscopic examination.
The diagnosis and subgrouping of AML patients was determined by morphology of Wright-Giemsa stained cytocentrifuge preparations, and by standard histochemical stains, including peroxidase (28), napthol AS-D chloroacetate esterase (specific esterase [23] ), and alpha-napthyl acetate esterase (nonspecific esterase [23] ). By these procedures, AML patients were subclassified as acute promyelocytic leukemia (APL, four patients), acute myelomonocytic leukemia and acute monocytic leukemia (AMML and AMoL, respectively, 19 patients), and undifferentiated AML (49 patients) (29) . For all patients' leukemia, the analyzed population of cells contained >80% tumor cells, and generally >90% tumor cells. A positive reaction was arbitrarily taken as >20% of test cells staining more intensely in an indirect immunofluorescence assay than with control antibody (a nonreactive monoclonal Ig used at an equivalent concentration to test antibody).
Human cell lines. The myeloid leukemia cell line KG-1 was supplied by Dr. David Golde, University of California-Los Angeles School of Medicine, Los Angeles, Calif. HPB-ALL and 45 were the gift of Dr. J. Minowada, Rosewell Park Memorial Institute, Buffalo, N. Y. All other cell lines (Table IV) were provided by Dr. Herbert Lazarus, Sidney Farber Cancer Institute.
Fluorescence-activated cell sorter analysis. FACS was used to separate Ficoll-Hypaque-sedimented normal bone marrow cells into a fraction staining brightly with test antibody (MY8), as described above, and a fraction that did not react with test antibody, as compared with control. Cells were collected into 50% FCS and cytocentrifuge preparations made for staining with Wright-Giemsa and cytochemical stains. In some experiments, cells were collected sterilely, and assayed for granulocyte/macrophage colony-forming unit (CFU-GM) cells as described below.
CFU-GM assay. The CFU-GM was assayed by plating 1 x 105 normal bone marrow cells in Iscove's modified Dulbecco's medium, 20% FCS, 0.3% agar over a feeder layer of 1 x 106 peripheral blood leukocytes in 0.5% agar (3) . After a 14-d incubation, the number of colonies with >40 cells were counted with an inverted microscope. In some experiments, the agar overlayers were separated from the underlayers, dried onto glass slides, and stained for peroxidase activity to detect myeloid colonies (28, 30) .
Complement-mediated lysis of bone marrow cells with specific antibody. Reactivity with the CFU-GM cell was also assayed by complement-mediated lysis of normal bone marrow cells. 5 x 106f Ficoll-Hypaque bone marrow cells
were incubated at 4°C in 1.0 ml of media containing 1:100 dilution of hybridoma antibody for 1 h. After washing, the cells were resuspended in rabbit serum (Pel-Freeze Biologicals, Inc., Rogers, Ark.) diluted 1/5 in RPMI 1640. After incubation for 1 h at 37°C, the cells were washed and suspended in Iscove's modified Dulbecco's medium with 20% FCS and CFU-GM assay performed as described. Monoclonal anti-Ia was used as a positive control (26, 31) .
Fc receptor analysis. The possibility that MY3, MY4, MY7, or MY8 bind to myeloid cells via Fc receptors was investigated by competitive binding studies. Granulocytes or monocytes were incubated with 20% human AB serum. An indirect immunofluorescence assay was then performed with test antibody to examine for loss of fluorescent staining, as compared with a similar assay done without the presence of human serum. Competitive inhibition of erythrocyte antiserum rosette formation was tested as previously described (21) .
Differentiation of myeloid cell lines. Changes in myeloid surface antigens during chemically induced differentiation of certain myeloid cell lines were examined with indirect immunofluorescence as described above. Changes in myeloid surface antigens were determined in induced cells relative to uninduced control cells. The promyelocytic cell line HL60 (32) was induced with 1.1% dimethylsulfoxide (DMSO) (33) , or 10% phytohemagglutinin-stimulated leukocyteconditioned medium (PHA-LCM) (34) , prepared according to the method of Aye et al. (35) . Cells were cultured in plastic tissue culture dishes (Falcon) at an initial cell concentration of 1.0 x 106 cells/ml. Aliquots were removed daily from cultures containing the inducing agent or control cultures for evaluation of changes in morphology, cytochemical stains, and FACS analysis. Adherent cells were removed where necessary by vigorous pipetting and scraping with a rubber policeman. Similar experiments were performed with the myeloid cell line KG-1 (36) , which was cultured in the presence of 10 nM 12-O-tetradecanoylphorbol-13acetate (TPA, Sigma Chemical Co., St. Louis, Mo.) (37) , and also with the histiocytic lymphoma cell line U937 (38) , which was grown in 10% PHA-LCM as inducing agent (39) .
In experiments using PHA-LCM as an inducing agent, control cells were cultured in the presence of an equivalent amount of phytohemagglutinin (4 x 10-7 g/ml). In experiments using TPA as an inducing agent, control cells were cultured in the presence of an equivalent amount of diluent for TPA (0.01% acetone).
RESULTS
Development and initial characterization of monoclonal antibodies directed against AML cells. A BALB/c mouse was immunized with the blasts from a patient with AMML, and its splenocytes fused with NS1 myeloma cells to form hybridomas. This resulted in 331 primary clones, which were screened for the presence of antibody reactive with the original leukemic cells. 80 wells contained reactive antibody, and of these 12 were found that did not react with the autologous B lymphoblastoid cell line, Laz 334. These 12 were recloned by limiting dilution, and passaged in the peritoneal cavity of BALB/c mice to produce ascites with high-titer monoclonal antibody. Four of these hybridoma clones have undergone further characterization and form the basis of this report. Anti-MY3 is an IgM, anti-MY4 is an IgG2a, anti-MY7 is an IgGj, and anti-MY8 is an IgG2b.
Expression of MY3, MY4, MY7, and MY8 on normal peripheral blood cells. Table I indicates the expression of the antigens defined by anti-MY3, MY4, MY7, and MY8 on normal peripheral blood and bone marrow cells. As can be seen, the expression of MY3, MY4, MY7, and MY8 is limited to myeloid cells. Peripheral blood and bone marrow monocytes (adherent cells) were strongly fluorescent with anti-MY3 and MY4, 934 J. D. Griffin,J. Ritz, L. M. Nadler, and S. F. Schlossman whereas granulocytes were very weakly fluorescent. In contrast, anti-MY7 staining resulted in intense fluorescence of granulocytes but slight fluorescence of monocytes. MY8 was detected equally on granulocytes and monocytes. Reactivity with monocytes was not the result of antibody binding to monocyte-bound platelets, as reactivity with monocytes prepared from defibrinated (platelet-poor) blood was equivalent to standard preparations (data not shown). Lymphocytes, erythrocytes, and platelets do not express detectable amounts of MY3, MY4, MY7, or MY8. These antigens were expressed uniformly by the monocytes of 12 randomly chosen individuals.
Since monocytes and granulocytes are rich in Fc receptors, blocking experiments were designed to test the possibility that these antibodies bind to Fc receptors. Preincubation of monocytes with anti-MY3, MY4, MY7, and MY8 failed to inhibit rosette formation with 7S antibody (EA)-coated sheep erythrocytes relative to control ascites. Moreover, preincubation of monocytes or granulocytes with medium containing 20% human AB serum did not alter binding relative to preincubation in nonserum-containing medium.
Expression of MY3, MY4, MY7, and MY8 on normal bone marrow cells. In normal bone marrow, MY3, MY4, and MY7 were detected on only a small number of cells (Table I) . In contrast, MY8 was expressed by 32% of bone marrow cells and further efforts to identify the MY8 antigen-positive bone marrow cells were undertaken. Bone marrow cells were separated by fluorescence-activated cell sorting after staining with anti-MY8 and fluorescein-conjugated goat antimouse immunoglobulin (Fig. 1 ). Cytocentrifuge slide preparations of the positive and negative fractions were stained with Wright-Giemsa and assayed for peroxidase. As shown in Table II , the MY8-positive fraction consisted of granulocyte precursor cells including promyelocytes. There were insufficient numbers of identifiable myeloblasts, eosinophils, or basophils to determine reactivity with those cells. Erythroid precursors and lymphocytes did not express the MY8 antigen. The cells of the positive fraction were 99% peroxidase positive, while the negative fraction contained <10% peroxidase-positive cells.
Lack of expression of MY3, MY4, and MY8 on myeloid precursor cells. Normal bone marrow cells were incubated with anti-MY3, MY4, MY8, Ia, or no antibody, followed by addition of complement. Anti-MY7 is not a lytic antibody and was not included in these experiments. The number of remaining viable CFU-GM cells was not decreased by pretreatment with anti-MY3, MY4, or MY8, as compared with pretreatment with complement alone in each of the three experiments. In contrast, anti-Ia abolished .75% of myeloid colony growth in all experiments (data not shown). In one experiment, colonies were stained for nonspecific esterase (30) with no antibody treatment (-60%). It thus appears that MY3, MY4, and MY8 are not expressed on the CFU-GM cell.
The lack of expression of MY8 on the CFU-GM cell was confirmed by assaying the FACS-separated MY8 antigen positive and negative populations ( Fig. 1 ) of normal bone marrow for the presence of CFU-GM cells. The CFU-GM cells were found entirely in the MY8-negative fraction (Table II) .
Expression of MY3, MY4, MY7, and MY8 by malignant myeloid and lymphoid cells. Table III indicates the expression of MY3, MY4, MY7, and MY8 on malignant cells from patients with various leukemias. It can be seen that none of these antigens is expressed on lymphocytic leukemias of either T or B cells. MY3 and MY4, which are detected on normal monocytes, are expressed by 33 and 35%, respectively, of all AML patients tested, with a strong tendency towards greater antibody binding by leukemic cells with monocytic characteristics (>90% ofAMoL, AM ML). Anti-MY3 and MY4 have a similar, but not identical pattern of reactivity with AML patients, and may identify similar, but apparently not identical, antigens. MY7 was detected on the majority of AML myeloblasts, and was equally expressed by leukemic cells that were NSE positive (AMoL, AMML) as those that were NSE negative. Overall, 79% of AML patients' cells expressed MY7. Four patients with APL were tested, and MY7 was detected on two. Six patients with the blast crisis phase of CML were studied. The cells of four patients with "myeloid" blast crisis (characterized by morphology, peroxidase reaction, and lack of lymphocyte surface markers [40] ) reacted with anti-MY7, and three patients bore MY8. MY7 and MY8 were not detected on "lymphoid" blast crisis cells (characterized by morphology and presence of lymphocyte surface markers, including CALLA [27] ). MY3 and MY4 were not present on myeloid or lymphoid blast crisis cells.
Expression of MY3, MY4, MY7, and MY8 on cultured human cell lines. Cells of several human myeloid cell lines can be induced to undergo differentiation into more mature myeloid cells by a variety of chemical-inducing agents. The human promyelocytic leukemia cell line HL60 can be induced to differentiate into macrophagelike cells by either leukocyte-conditioned media (34) or by phorbol diester (42) . These differentiated cells develop morphological and cytochemical characteristics of macrophages, and acquire mature myeloid cell functions such as response to chemotactic factors and phagocytosis (43) . DMSO has been shown to induce dif- AML HL60 (promyelocytic) +/-* +I- ferentiation of HL60 cells into granulocyte-like cells (33) . Morphological and functional evidence of inducible differentiation has also been described for the histiocytic lymphoma cell line U937, and the AML cell line KG-1, which develop macrophage characteristics after exposure to PHA-LCM (39) or TPA (37), respectively. It was thus of interest to determine whether the process of in vitro differentiation was associated with any changes in cell surface myeloid antigens. Table V shows the expression of MY3, MY4, MY7, and MY8 on cell lines HL60, KG-1, and U937 before and after exposure to the appropriate inducing agent as indicated. In each case, aliquots were removed from cultures daily to assess morphological changes, cell count, viability, and cell surface antigens. For all cell lines, viability remained >90% through the period of observation. As noted by others, exposure of these cell lines to inducing agent leads to a dose-dependent reduction in cell growth. Under the conditions described here, final concentrations of induced cells were 50-75% of control cell cultures in multiple experiments. Cells cultured in the presence of appropriate control media grew at a rate indistinguishable from untreated cells grown in standard media (data not shown). Exposure of HL60 cells to DMSO or PHA-LCM as described in Table V induces the expression of MY3,  MY4 , and MY8 on a significant fraction of cultured cells, as compared with control cultured cells, as detected by an indirect immunofluorescence assay. MY7 antigen is expressed by both control and differentiated HL60 cells. Removing culture aliquots daily for FACS analysis demonstrated that increased expression of MY3 and MY4 could be detected as early as 24 h after induction, and increased linearly for 4 d to the maximum value, which is indicated in Table  V . At this time, virtually all cells have undergone morphological change, and show decreased staining for myeloperoxidase (<25% of cells positive). PHA-LCM treated cells (but not DMSO-treated cells) show increased cytochemical demonstration of NSE (>90% cells positive) and will adhere to plastic. These findings suggest that among the biochemical events occurring during the differentiation of HL60 promyelocytes is expression of antigens MY3, MY4, and MY8. It is noteworthy that although DMSO and PHA-LCM produce differentiated HL60 cells that are not alike, the induced alterations in myeloid antigens are similar.
In similar experiments, the cell line U937 was induced with PHA-LCM, and myeloid antigen expression was determined as described above. The monocyte antigens MY3 and MY4 became detectable on a subset (14 and 23%, respectively) of the induced cell population, but remain negligible on control cultured cells. Coincident with increased expression of MY3 and MY4, induced U937 cells demonstrated increased adherence and increased staining intensity for NSE (39) . Expression of MY7 decreased from 94 to 62%. Exposure of the cell line KG-1 to TPA increased the expression of MY7 from 27 to >80%, without change in MY3, MY4, or MY8. Morphological changes did occur, and adherence increased, although this was less marked with KG-1 than with HL60 in these experiments. Cell viability decreased with exposure to TPA for >4 d.
Antibody absorption studies. To demonstrate that these antisera were monoclonal, cross-absorption studies were performed. Diluted ascites was incubated with sufficient target cells to remove reactivity with these target cells, and then tested for residual antibody binding to other cell types. Absorption of anti-MY7 and MY8 with granulocytes resulted in complete loss of reactivity with U937, HL60, and AMML cells. Similarly, absorption of anti-MY3 and MY4 with monocytes resulted in loss of reactivity with AMML cells. It thus appears that the antigens detected on mature normal myeloid cells are shared by myeloid leukemia cells.
DISCUSSION
In this report, we describe the identification of four antigens (MY3, MY4, MY7, and MY8) expressed by subsets of both normal and malignant myeloid cells. These antigens are defined by monoclonal antibodies derived from a fusion between NS1 myeloma cells and splenocytes from a BALB/c mouse immunized with the blasts from a patient with AMML. MY3 and MY4 are expressed by peripheral blood and bone marrow monocytes. MY7 is expressed on normal granulocytes and by -5% of normal bone marrow cells. MY8 is expressed by both peripheral blood monocytes and granulocytes, and by all peroxidase-positive bone marrow granulocyte precursor cells (Tables I and II) . None of these antigens as expressed by lymphocytes, erythrocytes, or platelets. It thus appears that of hematopoietic cells, these antigens are restricted to the myeloid system.
We have analyzed the myeloid surface antigen phenotypes of a variety of patients with myeloid leukemias with these specific antisera (Table III) . Antigens associated with AML cells have been previously detected by a variety of heteroantisera (11) (12) (13) (14) (15) . Moreover, several monoclonal antibodies have been described that are reactive with myeloid cells and myeloid leukemia cells (23, 44, 45) . It is possible that analysis of specific surface antigens of myeloid leukemia cells may identify subgroups of AML patients with different prognosis or response to therapy.
The studies presented here with 72 AML patients demonstrate that the surface antigens of AML cells are heterogeneous. In correlating myeloid surface antigen phenotypes with the standard diagnostic procedures of morphology and cytochemical staining, we have demonstrated that expression of MY3 and MY4 identify the majority (>90%) of AML patients subclassified as AMoL and AMML by morphology and nonspecific esterase content. Other subgroups of AML express MY3 and MY4 much less frequently. Only 12 and 14% of patients, respectively, with "undifferentiated" AML are positive, and APL patients were negative. The preferential expression of MY3 and MY4 on monocytic leukemia cells thus correlates with the strong expression of these antigens on normal peripheral blood and bone marrow monocytes.
MY7 antigen was detected on 82% of "undifferentiated" AML patients (41 of 49) , and 79% of all AML patients studied. Anti-MY7 may be a valuable reagent for identification of myeloid leukemias, especially in those patients where standard diagnostic laboratory procedures are inconclusive. Lymphocytic malignancies have been uniformly negative. Of note, MY7 has been expressed by the leukemic cells of four patients with "myeloid" blast crisis of CML. Two patients with lymphoid (CALLA positive) blast crisis have been negative for MY7. Additionally, two of four patients with APL strongly expressed MY7, as did the promyelocytic cell line HL60.
MY8 antigen was expressed by about half of all AML patients, and was most likely to be expressed on NSE positive leukemias (79%). It was somewhat more common on NSE negative AML than MY3 or MY4, in keeping with the expression of MY8 on granulocyte lineage cells as well as monocytes. Some of the antigens described here may represent differentiation antigens of normal myeloid cells, in that they are lineage specific and appear at distinct stages of cellular maturation. MY3 and MY4 are expressed by peripheral blood monocytes, bone marrow monocytes, and by <3% of remaining, nonadherent bone marrow cells. But the monocyte progenitor cells, the CFU-GM, do not express MY3 or MY4 by complement-dependent cytotoxicity testing, and thus MY3 and MY4 are acquired at a late stage of differentiation. MY8 is detected on all peroxidase-positive granulocyte precursors in the bone marrow, but the CFU-GM cell does not express MY8, as determined by cell sorting (Table II) and by complement lysis experiments. MY8 may represent a differentiation antigen shared by precursors of both monocytes and granulocytes more mature than the CFU-CM cell. Reactivity of anti-MY7 with the CFU-GM cells has not yet been determined. As most of the 72 AML patients reported here expressed one or more of these myeloid surface differentiation antigens, it is evident that AML blasts express surface antigens that are more differentiated than those of the CFU-GM cells. Also, it is of interest that many AML cells express surface antigens characteristic of mature myeloid cells, despite morphologic and growth characteristics of very primitive cells. In some instances, myeloid leukemic cells may also be induced to undergo morphologic and functional differentiation (46) (47) (48) . Thus, differentiation in leukemic cells may not be an "orderly" process, as appearance of certain mature membrane antigens may occur before development ofmorphological and functional maturity.
Further evidence that MY3, MY4, MY7, and MY8 may determine myeloid differentiation antigens comes from an examination of surface antigen changes in chemically induced differentiation of the myeloid leukemia cell lines HL60 and KG-1 and the histiocytic lymphoma cell line U937. When exposed to differentiating agents, HL60 cells have been shown to develop a number of immunologic, biochemical, and functional characteristics of mature myeloid cells, including complement receptors, phagocytosis, a 130,000-dalton membrane glycoprotein, chemotactic peptide receptors, and morphology consistent with maturing cells (33, 43, 49) . Exposure of HL60 cells to leukocyte-conditioned media or to TPA has been described to induce monocyte-like maturation, with development of NSE activity (34, 42) . Similar experiments have shown that the cell lines KG-1 (37) and U937 (39) will develop morphologic and functional characteristics of monocytes when exposed to TPA or leukocyte-conditioned medium, respectively.
In the experiments presented here with HL60 and U937 cells, expression of the monocyte antigens MY3 and MY4 was linked to induction of differentiation, with maximum morphologic change (-5 d of culture). In experiments with HL60 cells, the intensity of expression of MY4 antigen was found to be directly correlated with both concentration of inducing agent (DMSO) and length ofexposure (data not shown). MY8 antigen was also expressed more strongly on dif-ferentiated HL60 cells (12 to 58%), but did not change on U937 or KG-1 cells. The cell line KG-1 did not acquire MY3, MY4, or MY8 antigens with prolonged exposure to TPA (10 nM maximum concentration). MY7 antigen increased from 27 to 80% with a 4-d exposure to TPA. Thus, we have shown that induced differentiation in several myeloid cell lines results in the de novo expression or increased expression of several myeloid surface antigens that may also be differentiation antigens of normal myeloid cells. While differentiation of myeloid leukemic cell lines is easily studied, they may not be accurate models of normal cell differentiation. Further comparisons between leukemic cell lines and normal myeloid differentiation are necessary, and may be facilitated by the availability of the reagents such as described in this report.
